In patients with chronic renal failure treated by haemodialysis there is a good correlation between
the aluminium concentration of the fluid from 1-15 mg/l to less than 0-06 mg/Il. After the changeover there was an increase in the extent of calcification fronts. Overall, there was a decrease in the histochemical staining reactions for aluminium, although a few cases showed increased reactions. A large percentage of cases showing decreased reactions also had decreased osteoid volumes. It is concluded that reduction of the concentration of aluminium in the dialysis fluid is associated with an improvement in mineralisation state, and this is further evidence of the importance of minimising the aluminium burden of patients with chronic renal failure.
In patients with chronic renal failure treated by haemodialysis there is a good correlation between the incidence of fracturing osteomalacia and the aluminium content of the fluid used for haemodialysis.' 2 High aluminium concentrations in the dialysis fluid derive largely from the use of aluminium sulphate as a flocculating agent to remove brown particulate matter from the domestic water supply. In Adelaide, South Australia, this used to result in an aluminium concentration of 1-15 mg/l in dialysis fluid. Therefore, in February 1978 a reverse osmosis facility was installed in our renal unit, and by late 1979 the aluminium concentration had been reduced to less than 0-06 mg/l.
The present report is of a group of 16 patients with chronic renal failure who had been on haemodialysis before February 1978 and who changed over to treatment with fluid which had been subjected to reverse osmosis. In each case biopsies Accepted for publication 29 March 1984 had been taken just before and 15 months after changeover to determine if there were any associated changes. Fazzalari, Fassett, Pugsley reactions at the osteoid/mineralised tissue junction after changeover, but two of these cases showed positive staining reactions of cement lines within the bone trabecular structures. When the aluminon reactivity extent was expressed as a percentage of the total trabecular surface five cases showed increased reactivity; when it was expressed as a percentage of the osteoid seam extent seven cases showed increased reactivity. But the majority (11 and 9 respectively) in both instances showed decreased reactivity ( Figure) . Cases showing increased aluminon linear staining reactivity were segregated as either group 1 (total trabecular surface) or group 1 (osteoid seam extent) and cases showing decreased aluminon staining reactivity were segregated as either group 2 (total trabecular surface) or group 2 (osteoid seam extent). Table 2 shows the mean and standard error of the mean (SEM) of the histoquantitative parameters of all cases before and after changeover. There was no significant difference between the mean values of total bone volume, osteoid volume, osteoid seam extent, and total trabecular surface. The mean calcification front extent was significantly greater after changeover and resorbing surfaces were also significantly increased (p < 0-0001 and p < 005 respectively). Table 3 shows the histoquantitative characteristics of group 1 (total trabecular surface and osteoid seam extent) with group 2 (total trabecular surface and osteoid seam extent) before and after changeover to reverse osmosis fluid dialysis. A comparison of the subgroups within each era showed that the only significant difference was that the mean resorbing surface of group 2 (osteoid seam extent) was of greater extent than that of group 1 (osteoid seam extent) after changeover. Figure. While the overall trend was for diminished staining the differences were not significantly different and some cases showed pronounced increases in staining reaction. There are several possible explanations for this. One is that aluminium uptake from the residual concentration in the reverse osmosis fluid continued; another is that there was a malfunction of the reverse osmosis membrane; a third is that aluminium present in other organs or tissues might have been transferred to bone during reverse osmosis fluid dialysis.
With regard to the bone histoquantitative parameters it is useful to note that the total bone volume before and after changeover was not significantly different on a group mean basis. The osteoid volume was lower after changeover, but not to a significant degree. This contrasted with the extent of the calcification fronts and the resorbing surfaces, both of which were significantly greater after changeover.
The cases in this study were divided into two groups, one (group 1) showing increased aluminon Changes in bone histoquantitative parameters and histochemical staining reactions staining and the other (group 2) showing decreased staining after changeover, in an attempt to detect any significant differences between the groups before and after changeover. The most important point to emerge from these comparisons was that group 2 (osteoid seam extent) showed a decreased osteoid volume after changeover. The mineralisation state of this group would seem to be the most improved since the calcification front extent was increased and the osteoid volume was decreased after changeover.
These studies show that changing to reverse osmosis fluid dialysis is associated with an improvement in the extent of calcification fronts and in some cases with a reduction in osteoid volume. They also show that there is not a decisive decrease in intraosseous staining reactions for aluminium. This is consistent with the finding of Ellis et al'°that the high concentrations of aluminium may persist in bone for many months after successful renal transplantation.
Any effect of aluminium on the calcification front is probably complex. In some cases there was negative staining at the calcification front site but positive staining of intratrabecular cement lines. This suggests that the effect of the aluminium is to delay calcification and not to abolish it since cement lines represent previous calcification front sites. Therefore, when calcification of an osteoid seam bearing a linear aluminium staining reaction eventually occurs, the site of the reaction becomes incorporated into the trabecular structure along the cement line. This incorporation would account for the persistence of aluminium in bone tissue after transplantation or changeover to reverse osmosis fluid dialysis. Resorption of fully mineralised trabecular bone by osteoclasts would then presumably liberate aluminium from the cement lines, and it is conceivable that this would be followed by a local intraosseous recirculation of released aluminium into adjacent newly formed calcification zones with a continuing detrimental effect on the mineralisation process.
A recent report"' from our laboratory compared bone histoquantitative parameters of groups of patients who had always been haemodialysed against (a) reverse osmosis fluid and (b) fluid which had not been subjected to reverse osmosis. The mean values of osteoid volume were 4-1 (SEM 0.6) and 0-9 (0-2), respectively, and the mean values of the calcification front 44-5 (5.7) and 79 5 (2-5), respectively. The present series of cases (which were not included in our previous report) begin with values closer to (and probably indicative of a greater impairment of mineralisation) the group which was always treated with fluid which had not been subjected to reverse osmosis. The values (after changeover) move towards those of the group always treated with reverse osmosis fluid but do not reach levels which would be indicative of a mineralisation state which was as good as that in patients who had always been treated with reverse osmosis fluid.
